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evaporated substance, a pn^ess chamber is ^ for many processes. For « ^ 
processes Ure chamber is refe^ » - a drymg oven, or a drying cabu... for 
Lnuous drying of web ma^ria, or produc. i. is often called a dryer hood. Other dry„g 
^ cesses, plarily designed for »ea.ing grain si« n-aterial use dryrng cHamhe. .n he fo™, 
of rotaung cylinders or fluidized beds, in which the grarn s,ze material meets and mtxes wrth 

the drying gas. 

Drymg cabinets are used for we. wa.. containing puip material, such as pulp for manu- 
tllg paper or boards, pulp for the mineral, ceramic, metallurgical and chem.a. .ndus^, 
for drying solid products such as natural materials, e.g. chips, wood or dewatered produce m 
for instance the ceramic industry, and for wood fibre based boards and some mmeral and/or 
mmera. fibre based construction and insulation products, in particular formed products, such 
as sheet rock, rock wool, glass wool and construction and insulation boards adapted to replace 
asbestos materials, and also for evaporation of solvents during lacquering, et c. The heat 
which is necessary for the drying process may be supplied to the material to be dned m any 
desired way. for mstance by means of radiation from infra-red heaters, micro-waves or hrgh- 
frequency radiation, thereby generating heat in the material to be dried, although « .s 
p^ferred to use the heat content of the drying gas used. The result of tite drying is however 
highly dep»,den. on the efficiency and tire uniformity of the evaporation of the water/solvent 
which is taken up by the drying gas and removed from the drying cabinet. 

Drying cabinets and similar drymg chambers are used in continuous web processes for paper, 
carton sheet rock, rock wool boards et c. For these processes it is also possible to use a 
variety of different methods in order to achieve the desired evaporation of water and/or 
solvent, preferably by supplying/generating heat according to any of the above mentioned 
methods. Also in ttris regard, tire ability of .he drying gas .0 Uke up and remove tire subs^nce 
evaporated from the product is impor^n, tor tire resul. of the drying process. For web drytng. 
^ , * _ _ J- o^:^ u^^/ie^ fr^T drying 



for instance, it nas sm^c w^^w ^ - - - , . • .y, Irvine 

thin web maerial such as paper moving witir high speed, arranged in combmation wt* drymg 
cyhnders adiacen. .o tire web. The paper moves witir high speed along a patir ti^ough the 
dryer hood, and tire resul. of tire drying is mainly influenced by tire vapour pressure msrde * 
cylinders, hut it is also tnfluenced by tire process variables inside tire dryer hood, and mamly, 
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: Method, control paradigm and means for monitoring and controlling the process 
variables of a process gas flowing through a dryer hood used in a drying process 



Technical fipl^l 



I 



The present invention relates to a method, control paradigm and means for controlling and 
monitoring, during a drying process, process variables of a process gas floAving through a 
drying chamber used for the drying, in accordance with the preamble of claim 1. Process gas 
flows continuously through the drying chamber. The conditions in the drying chamber are 
manipulated by n|nitoring and controlling a number of different process variables of the 
process gas accor|ng to the inventive control paradigm. The inventive device also comprises 
a device for mani|]ating. in accordance with the inventive control paradigm, the conditions 
in the drying chai|er by controlling and monitoring a number of process variables of the 
process gas flowiS through the chamber. 



Prior art 



For drying a wat| containing material, as well as for evaporation of a solvent or a binding 
agent during lacq|ering or manufacturing of plastics materials or ceramic green bodies, a 
variety of different methods are used, in which the material to be dried is heated for 
evaporation of a substance, such as water or a solvent. In order to achieve an efficient drying, 
the evaporated substance is in many processes removed from the zone adjacent to the dried 
material by means of a drying gas, flowing adjacent to said dried material, preferably air. Jn 
the following, prior art and the present invention are described from the point of view of 
drying a material containing moist or water, or a product containing moist or water, but the 
technique is of course useful also for other drying processes, in which an evaporated 
substance is taken up by a process gas, and transported in said gas, away from the dried 
product. 



In order to control the process gas, and in particular its ability to take up and remove the 
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improved heating economics, by means of an improved, stable and reliable control of the 
process variables of the process gas, in a flexible process which is easy to tune, and has low 
sensitivity to disturbances. As an alternative, the improved, stable and reliable control of the 
process variables of the process gas results in an improved control of the volatiUsation of a 
solvent, further entailing positive effects on the inner and outer characteristics of the dried 
material and improved heating economics, in a flexible process which is easy to tune and has 
low sensitivity to disturbances. 

Another object of the present invention is to provide a method for monitoring and controlling, 
in a drying process, the process gas content of a substance evaporated in the drying process 
and the pressure conditions in a drying chamber which is used in the drying process, by 
means of a control paradigm which is easy to implement and tune, and which is also very 
robust and has low sensitivity to disturbances. 

In particular, it is an object of the present invention to provide a method comprising such a 
control paradigm for monitoring and controlling the water content of the process air and the 
pressure conditions inside the dryer hood in a paper drying process, in which a drying 
chamber is arranged adjacent to a paper web, and in which the paper web and process air 
continuously pass through the drying chamber, during the removal of water from the paper. 
The control paradigm used in the drying process according to the present invention is adapted 
to secure the maintaining of the desired moisture profile, preferably a uniform moisture 
content across the cross section of the paper web. and along the p^er web within allowed 
intervals, while at the same time running the drying process with good or improved heating 
economics. 

Yet another object of the invention is to provide a control paradigm for controlling the 
inventive process. A further object of the invention is to provide a device for carrying out the 
inventive process. 

f^rie.f desrription of th^. invention 

In order to influence the drying conditions in a drying chamber when drying a product, in the 
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drying chamber, through which a process gas flows, said product being located in, or passing 
through the drying chamber, said process gas during its passage through the drying chamber 
being brought into contact with the product so, that a substance is taken up by die process gas, 
said substance being, at least in part, removed from the product and transported out from the 
drying chamber with the process gas, a number of process variables of the process gas are 
controlled and monitored by means of a process in which the process variables of the process 
gas are controlled in such a way that the objects stated above are achieved by means of a 
method for controlling process variables of the process gas in accordance with the pre- 
characterising part of claim 1, which is characterised by the features of the characterising part 
of claim 1 , in which the process variables of the process gas flowing through the drying 
chamber are controlled and monitored by controlling and monitoring a first group of 
controlled process variables, comprising the product's content x of the substance to be 
removed, and the pressure conditions, z, in the drying chamber, and in which, based on a 
change in a controlled process variable, x or z, one or more process variables forming part of 
a second group of manipulated process variables, comprising process gas supply flow a, and 
exhaust flow, e, are manipulated so that the content x of the substance to be removed in pro- 
cess gas and the pressure conditions, z, in the drying chamber are controlled independently, 
and in which the supply flow a is compensated for a change in the exhaust flow, e. 

The present invention is in the following exemplified by means of examples from drying 
processes comprising drying a water containing product, and air containing water or moist, 
but it may nevertheless be applied on all types of drjdng processes in which a product is 
located in, or passes through a drying chamber through which a process gas flows, and in 
which the process gas is passed adjacent to, or through the product so that a substance is taken 
up by the process gas, removed from the product and transported out from the drying chamber 
with the process gas. Such processes include, of course, the removal of water from water 
containing products in continuous or essentially continuous processes, with products Uke 
paper, sheet rock, mineral wool or glass wool boards, ceramics et c, as well as for batch 
processes for products such as formed pieces of mineral and or paper, food stuff, wood, wood 
chips et c, but also for drying related to processes such as lacquering, volatilisation of solvents 
or binding agents from formed pieces or web material. In continuous processes using the 
present invention, the relative flow of process gas and the product may be parallel flow. 
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counter flow, cross flow or combinations of said flow types. 

According to a preferred embodiment, the inventive method is usfed for controlling process 
variables in a process gas, which is essentially comprised of air, in a drying process in which 
the product to be dried contains water, and in which water is evaporated in the drying process, 
taken up by the process air, and transported out from the drying chamber with the process air, 
the process air water content x and the drying chamber pressure conditions z are controlled 
independent of each other, and the supply air flow a is compensated for a change in the 
exhaust air flow e. It is particularly advantageous to use the method according to the present 
invention for controlling process variables of a process gas which is mainly consists of air,« 
which passes through a drying chamber arranged adjacent to a product path in which a water 
containing product, such as paper or mineral based board, passes through the drying chamber 
in an essentially continuously manner, in which, during the passing of the product and the 
process air through the drying chamber, these are brought into contact with each other so that 
.water is taken up by the process air, removed from the product and transported out fix)m the 
drying chamber with the process air, and in which the water content x of the process air, and 
the pressure conditions z in the drying chamber are controlled independent of each other, and 
the input air flow a is compensated for a change in the exhaust air flow e. 

The process gas content x of the substance to be removed, e.g. the water content of the air, is 

measured by means of suitable sensing means such as devices for gas analysis, substance 

sensitive sensing means, dew point sensors et c, and is preferably controlled by means of a 

first control loop, the measured variably value for x being associated with and controlled by 

the manipulated process variable process gas exhaust flow e. In the same, way the pressur©^ | 

conditions, z, inside the drier hood are expressed as the zero level, i.e. that level inside the 

hood at which the pressure inside said hood is equal to the pressure outside the hood. The 

pressure conditions, or the zero level, z, is controlled by means of a second control loop for 

hood pressure conditions, said zero level in the dryer hood being associated with, and 

controlled by the manipulated process variable process gas supply flow, a. Supply and 

exhaust flow are adjusted by conventional means, such as dampers, or speed controlled fans. 

When dampers are used, the process variables a and e are often expressed as the relative 

opening of the damper. 
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A control paradigm, for monitoring and controlling process variables in a drying process of 
process air flowing through the drying chamber for control of the drying conditions inside the 
chamber comprises: 

I 

- the drying process; 

- output variables in the form of the controlled process variables process air 
content x of a removed substance and the hood pressure conditions, z; 

- input variables in the form of the manipulated process variables process gas 
supply flow a, and process gas exhaust flow, e; 

- controllers with associated actuators, arranged to control the process gas 
in the drying process, based on a change in a controlled process variable, 

by means of an adjustment of a manipulated process variable, and, according to 
the present invention; 

- two mutually independent, decoupled control loops, whereby 

- a first independent control loop is arranged to control the process air water 
content by means of the supply air flow, a; 

- a second independent control loop is arranged to control the pressure 
conditions inside the drier hood by means of the exhaust air flow; and 

- the decoupling of the two control loops is a feedforward decoupling, and 
provided with means to compensate the supply air flow, a, for a change in the 
exhaust air flow, e. 

According to a further embodunent of the inventive method, the two control loops are both 
coimected to a dynamic model of the process air, dew point, x and zero level z being 
correlated to a setting of the exhaust flow, e, and the supply air flow a, respectively, by means 
of suitable actuators, such as dampers or speed controlled fans. 

The two control loops are prefa^bly closed, each comprising a correction function which is 
specific for each loop, which corrects the manipulated process variable for the influence of the 
control loop dynamics. 

According to a preferred embodiment, the two control loops comprise two serially coupled 
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controllers, whereby; 

- a first controller, on its|nput side, '^^ponnectejl^to the output variable (x; z) and 

the. dynamic processWodel, anc} on output side c&h^^J t^^^P"* ^ 
of a second controller; and 

- a second controller, on its input side, is connected to the output of the first 
controller, and an external unit for receiving and external point of operation, 
and on its output side connected to the process and the dynamic process model, 
via the loop specific correction fimction. 

^~ " 1 





A device for carrying out £einventive^meth6d comprises a dry^heB|d;-^^to^!for controK 
ling the process gas supply flow into the drying chamber and the product, and actuators for 
controlUng the process gas output flow from the drying chamber and the product, sensing 
means and other means for measurement for determining the controlled variables process gas 
content of the substance evaporated from the product, and drying chamber pressure con- 
*ditions, controllers and a control system, characterised by two independent and decoupled 
cdlEr^l loops, where^: 



Wanged to control the^pte^^^Mtent^ftleT" i 



substance evaporated firam the product by means of process gas output flow, e; 
- a second control loop is arranged to control the pressure conditions inside the 
drying chamber by means of process gas supply flow, a; 
said loops being arranged mutually independent, and decoupled by means of at least one 
feedforward filter for compensating the process gas supply flow, a, for a change of the 
.process gas output bow, e. Preferably both Ipops are closed loops, and e^ comprise a loo|)- 
specific filter for conectingihe infliieAce o^the control ^fstem, osAe ^pulat#proces^ 
variable of each loop. 

According to one embodiment, each one of the loops is connected to an electronic unit with 
software, in the form of a dynamic model of the process gas, 

-/acording to a igeferred embodiment of thi inventipn,^e|ch of the lot^ntrol l|)ps con| 
prise two controllers arranged in series, a first controller being provided with a first input for 
the output variable (x; z), a second input for the dynamic process model, and an output 
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connected to an input of a second controller, and a second controller being provided witii a 
first input connected to the output of the first controller, and a second input connected to an 
external unit for receiving an external operating point and an output connected to the process 
and the dynamic process model via the loop-specific correctibn filter. 

m 

According to yet another embodiment, the control system comprises an electronic device with 

the necessary software, for: 

- independent control of the process gas content, x, of the substance taken up 
fi-om the product, and the pressure conditions, z, by means of the process gas 
output flow, e, and supply flow, a, respectively; 

- compensating the process gas supply flow, a, for a change in process gas 
output flow, e; 

- for the dynamic process model; and 

- for the filter functions. 

I)rawings 

The invention will now be described in closer detail, by means of a preferred embodmient, 
with reference to the appended drawings. 

Figure 1 shows, schematically, a contemplated model of the process and 
dependency of the controlled process variables on the manipulated process variables. 

Figure 2 shows, schematically, the conceptual structure of a compensating unit, 
comprising a feedforward filter for the process model shown in figure 1 . 

Figure 3 shows, schematically, a control loop comprising an intemal dynamic 
model of the controlled process, an IMC control loop. 

Figure 4 shows a control system for the process in accordance with a preferred 
embodiment of the invention, comprising two independent and decoupled control loops for 
IMC control of the process gas in a drying chamber. 

Detailed desc fiptinn of the drawings 
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(57) Abstract 

Method and device for controlling a process gas (10) during drying of a product in a drying chamber, in which the process gas is 
brought into contact with the product so that a substance, for instance water, is taken up by the process gas and transported out from the 
drying chamber with the process gas. The invention also relates to a control paradigm for controlling process variables of the process gas 
(10). In the process, and by the device, a first group of process variables comprising the process gas content (x) of the substance removed 
from the product, and the pressure conditions (z) inside the dryer hood, are monitored and controlled. Based on a change of one of the 
controlled process variables (x; z), one or more process variables forming part of a second group of process variables, comprising process 
gas supply flow (a) and output flow (e) are controlled, thus controlling the process, and the process gas content (x) of the substance removed 
from the product, and the pressure conditions (z) inside the drying chamber are controlled independent of each other, and the process gas 
supply flow (a) is compensated for a change of the process gas output flow (c). 
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For monitoring and controlling a process gas flowing through a drying chamber used for 
drying a product, and thus influencing the drying conditions in the drying chamber accordmg 
to the present invention, a control paradigm is used, which monitors and controls the drymg 
process by means of two monitored and two manipulated process variables, and which 
comprises two control loops, said variables being associated in pairs, such that one momtored 
and one manipulated process variable is associated with each loop. Apart from the necessary 
sensing means and actuators, i.e. one sensor for each monitored process variable and actuators 
for each manipulated process variable, and a controller, each loop preferably comprises a 
model of the controlled process. Further, both loops are apphed together in a decoupled 
system. The control paradigm comprises the two control loops, arranged together in a 
decoupled system, each comprising a process model, and, possibly, a compensating transfer 
function, in the form of a filter for securing that, in controlUng the process gas which m a 
drying process according to the present invention flows through a drying chamber, a change 
in the setting of a manipulated process variable only influences one of the two monitored 
process variables, leaving the other process variable essentially uninfluenced. In this way. the 
two momtored process variables may be monitored and controlled individually, even though 
one or both of the monitored process variables may be influenced by both of the manipulated 
process variables. 

Figure 1 shows a simple model of the process gas 10. For the purpose of controlUng the 
process gas 10 flowing through a drying chamber in which a product is being dried, in which 
drying the gas and the product are brought into contact with each other, and the substance 
evaporated from the product is taken up by the gas and transported out from the drying 
chamber with the gas, it has proven necessary to monitor and control the following vanables; 

- the content, x, in the process gas, of the substance evaporated from the 
product; and 

- the pressure and the pressure conditions, z. inside the dryer hood, which is 
commonly represented by the zero-level inside the hood, which is the level 
inside the hood at which the pressure inside the hood is equal to the ambient 



pressure. 



According to the invention said two variables, x, z, are monitored, either by continuous 
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measuring, or by sampling. Then they are correlated to the two manipulated process variables 
which influence the monitored variables, and are used to control said variables. Said 
manipulated variables are the incoming flow or supply flow, Q, of process gas which is 
supplied to the drying chamber, and the outcoming flow, or output flow, of process gas 
leaving the drying chamber, respectively. The manipulated variable supply flow, a, only 
influences the zero-level z, while the other manipulated process variable output flow, e. 
influences both the zero-level z and the gas content x of the substance taken up from the 
product, according to the contemplated process model shown in figure 1 . 

The dynamic changes of the measured variables x and z for changes in the manipulated 
variables a and e may be estimated by means of a system of linear transfer functions for 
different sub-processes. Said control variables and their interrelationships vary for different 
chambers, but they can easily be determined by means of a simple experiment, a so-called 
bump test. Normally both input and output variables are expressed as deviations from a 
predetermined point of operation. The total linear model used to sum up the process air 10, 
and thus describe the relationships between the variables which characterise the process air 
inside the dryer hood, comprises three transfer functions, Gxc, G« and G^a- As was already 
memioned, the gas output flow, e, influences both the process gas content, x, of the substance 
evaporated from the product, and the pressure conditions, z, inside the drying chamber. In 
order to facilitate the control of the process variables of the process gas, x and z are, according 
to the present invention confroUed by means of a control paradigm comprising two control 
loops, arranged together in a decoupled system, i.e. comprising a feed forward compensating 
unit 20, preferably in the form of a filter 22 and a control unit 21 which is arranged in 
connection with the loops to allow controlUng them individually. The facilitation of ttie 
process control which is achieved by this control paradigm ensures that a change in the setting 
of the manipulated process variable output flow, e, only influences the process variable x, 
while process variable z is left essentially uninfluenced. In this way the two monitored pro- 
cess variables can be monitored and controlled individually, despite the fact that the gas out- 
put flow e influences both z and x. In figure 2, a simple structure of feed forward filters for 
the both separated control loops is shown, comprising a compensation unit 20 having a filter 
22, which has a compensating transfer fimction Ff, by means of which the variable a represen- 
ting the gas supply flow can be compensated for a change m the output flow e, where e' repre- 
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sents an actuator for x, and a' an actuator for z. When the time constant T^e of the control loop 
from supply flow a to z is equal to the time constant of the control loop from output flow e 
to z, the filter transfer fimction Ff becomes a constant, and it can normally be assumed that 
= -T^a, i.e. that Ff (s) = 1 . By means of intuitive interpretation of the filter transfer fimction, it 
thrn possible to deduce that z only depends on the difference between output and supply 



IS ' 

flow. 



IMC. or Internal Model Control is a well known and tested control paradigm which comprises 
a model 32 of the controlled process. Figure 3 shows a basic configuration of a control loop 
for IMC in the form of a block diagram. The use of this type of process control requires two 
things: 

- a model Go of the controlled process, having algorithms or models that 
describe the relationships between the variables of the process, both measured 
and manipulated, usually provided in the form of an electronic unit with the 
necessary software 32, and 

- a loop specific transfer fimction F. which describes the closed control loop in 
the system, and corrects for the influence of the control system, preferably 
provided in the form of a loop specific filter 34. The embodiment shown in 
figure 3 of a control loop for IMC comprises; 

- a sensor for measuring a first process variable y; 

- actuator for manipulating a second process variable u which influences the first 
process variable y; 

- a first control unit 31 with a first input connected to the sensor 312 and a 
second input 311 connected to a process model Go, which describes the 
process, and an output 313 connected to an input 331 of a second control unit 
33, connected in series with the control unit 31; 

second control unit 33 having a first input 331 connected to the output 313 of 
the first control unit, and a second input for the reception of an external point 
of operation, and an output 333 connected to the process model 32 and the 
process 10 via a loop specific filter 34; and 

- a loop specific filter 34 in which the signal fit>m the output 333 of the second 
control unit is corrected before being deUvered to the actuator u and 



- a 
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the process model 32. 



IMC is described in closer detail for example in the book "Robust Process Control" by M. 
Morari and E. Zafiriou, published by Prentice Hall, 1989, ISBN 0-13-782153-0. 

In the process 1 0 according to the present invention x and z of the gas are controlled by means 
of a control paradigm which is shown in fig. 4 and which comprises a decoupled system of 
two separate control loops which is obtained by the two control loops comprising: 

- gas output flow - gas content of substance taken up from the product; and 

- gas supply flow - pressure conditions in the drying chamber; respectively. 
Both the above loops are based on IMC technology, i.e. they comprise, apart from the 
necessary sensors 41, 51, controllers 43, 53, 44, 54 and actuators 46, 56, at least one process 
model 42, 52 which describes the dynamics of the gas containing the substance taken up from 
the product in the drying chamber, and especially the influence of the input and output flow of 
the process gas on the gas content of the substance taken up from the product and/or on the 
pressure conditions inside the drying chamber, a loop specific transfer function, a loop 
specific filter 45, 55. The loop are co-ordinated in an decoupled system, with a feed forward 
compensating unit 15 in which the variable a which represents supply flow, is compensated 
for a change in output flow e. Thus, the two process variables which are essential for the 
process, can be controlled essentially independent of each other, which results in a process 10 
with a simple, rehable process control which is highly robust and has low sensitivity to 
disturbances, which allows the desired objects concerning quality and process economics may 
be reached. The block diagram shown in figure 4 of a process control system used in an 
embodiment of the present invention. Th system comprises a control paradigm with two 
decoupled control loops, a first for gas output flow - gas content of substance takai up from 
the product, and a second for gas supply flow - pressure conditions inside the drying chamber 
output air - water content. The first control loop is arranged to control the process gas content 
of the substance taken up from the product, and comprises, apart from the process 10 and the 
feed forward compensating unit 15 which co-ordinates the loops in an decoupled system: 

- a sensor or other fransducer member 5 1 for determining the content or amount 
of substance taken up from the product in the process gas, and determining an 
actual value of the process variable x; 
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- an actuator 56 for the output flow, e, such as a damper or a speed controlled 
fan; 

- a first controller 53 with a first input connected to the sensor 5 1 and a second 
input connected to a model GzaO of the controlled drying process, preferably 
relating to the relationships between the process gas content of the substance 
taken up from the product, output flow and their relationships with other 
process variables, and an output connected to a second controller 54 serially 
connected to arranged to said furst controller 53; 

- a second controller 54 with a first input connected to the output of the first 
controller and a second input for receiving an external point of operation, x-ref 
and an output connected to the process 10 and the process model 52 via a loop 
specific filter 55 with a correcting fiinction F., in which the control signal from 
the output of the second controller 54 is corrected for the influence of the 
control system before being delivered to the actuator 56 and the process model 
52. The second control loop is arranged to control the pressure conditions 
inside the drying chamber and comprises, apart from the process 10 and the 
feed forward compensating unit 1 5, which co-ordinates the loops in a de- 
coupled system; 

. a sensor 41 or other transducer means for determining an actual value of the 
pressure conditions, z, inside the chamber, for example in the form of a zero- 
level value; 

actuator 46 for the process gas supply flow, a, such as a damper or 
a speed controlled fan; 

- a first controller 43 having a first input comiected to the zero-level measuring 
means and a second input connected to amodel G.eO of the confroUed process, 
preferably relating to the pressure inside the chamber, the process gas supply 
flow and their relationships with other process variables, and an output 
connected to a second controller 44 arranged in series with said first controller 



- an 



43; 
- a 



second controller 44 having a first input comiected to the output of the first 
controller 43, and a second input for receiving an external point of operation, z- 
ref and an output comiected to the process 10 and the process model via a loop 
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specific filter 45 with a correcting function F2; 
- a loop specific filter 45 with a fimction F2 in which the control signal from the 
output of the second controller 44 is corrected for the influence of the coiitrol 
system before it is delivered to the actuator 46 and the process model 42. 

The process models Gzao and G,^ are Imear with double pole, and gain. They have no zeroes, 
and no time delays. The loop specific filters 45. 55 are chosen and designed so, that the closed 
loops essentially present the same kind of dynamics as the corresponding open control loop, 
but with a time constant which is different from the time constant for the corresponding 
process controlled by means of an open, conventional control loop. In order to facilitate the 
start-up of a process according to the present invention, i.e. to make tuning calibration as easy 
and fast as possible, preferably a number of dimensioning parameters used in the model are 
pre-determined. In the process model as described above and shown in figure 1 is correct, 
only two parameters need be determined for each specific drying process and dryer hood, 
namely the time constant T and the gain K. In order to facilitate the tuning, the dimensioning 
parameters which are comprised in the functions F, and F2 of the loop specific filter 45. 55 are 
given default values, derived form the process model. It is known that the transfer fimction 
from desired value to output signal, i.e. the closed loop transfer fimction in the ideal case 
(Go=G) is 



and that the transfer fimction from disturbance to output signal in the same case, the 
sensitivity function is 



If the desired transfer function of the closed loop is 

GJs) = 

1 + — ^ 
2 J 

and the transfer function of the corresponding open loop is 
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Gis) = - 



1 + 



K 

sT 



J 



then one chooses 



1 + 



From this, it follows that only one tuning parameter remains, namely the closed loop time 
constant Ta, which varies between installations, but which, for the purpose of facilitating the 
commissioning of a drying process, is expressed as a multiple of the time constant T of the 
Open loop; 



The multiple, or factor x is easily interpreted; if x < 1. then the closed loop system is faster 
than the system with the open loop, and if x > 1, then the closed loop system is slower than 
the open loop system. A high x value gives a more robust system. Of course, default values 
for X may be used. 

The fimction of the compensating decoupling in the form of a feed foiwaid filter 15 is set to 



and as long as nothing else is known, it may be assumed that an opposite sign is the only 
difference between the transfer functions and and thus the compensating filter forming 
the decoupling 1 5 may be set to Ff (s) = 1 . 

The process according to the present invention is fast to tune, but should the need arise, a 
more precise method may be used, which is of course more time consuming. For tuning under 
uncomphcated drying conditions, the values for time constants and gain factors in the system 
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are determined, i.e. in total four dimensioning parameters which describe the dynamics of the 
control loops. Gain factor and time constant can, as was described above, be estimated by 
means of a bum test. A bump test comprises an big change of the manipulated process 
variables, which is accomplished by means of a big change in the setting of the actuators 
arranged for the adjustment of said variables, i.e. the dampers, and an associated recording of 
the change of the controlled process variables x and z. 

For applications with higher demands on the control of the moisture content and moisture 
profile of the product, such as certain paper qualities or other conditions where the drying 
process is more sensitive, and requires a more thorough control of the process gas used in the 
drying chamber, one may also take into consideration parameters such as 

- the multiple, or factor x which describes the relationship between a closed 
control loop used in accordance with the present invention, and the 
corresponding open control loop; 

- the transfer fimctions Gzc and Ga, which, if they vary, influence the 
compensation of the input gas flow for a change of the output flow e. 

With a process according to the invention, which comprises a control paradigm according to 
the above description with a built-in process model and decoupling of the control loops for 
the gas content of the substance taken up from the product, for example water, and the 
pressure conditions inside the drying chamber, for example expressed as the zero-level of the 
drying chamber, it is possible to achieve, apart from a stable product moisture profile and a 
good heating economics, the following advantages: 

- easy tuning, in the standard case only two bump tests are required; 

- minimised mutual influence between the gas content of the substance taken up 
from the product, and the pressure conditions inside the drying chamber, 
which adds stability to the drying process; 

- flexibihty, easy adjustment for non-linearity in the transfer functions or other 
functions which influence the dynamics of the process or the confrol system; 

- high disturbance rejection, the influence from noise and disturbances 
is minimised; 

- robustness, in that it allows changes in the process or the paper, without effect 



BNSDOCID: <WO_991840SA1J _> 



wo 99/18405 




PCT/SE98/0178I 



on the good function of the process. 

Said advantages, and the main object of the present invention are reached by the functions 
comprised in the process model, the loop specific filters, the compensating feed forward 
filters used for compensating the input air flow a for a change of the output air flow e, are 
interconnected in a control system which describes and compensates for the dynamics of the 
process air and the control system itself. 
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CLAIMS 

1 . Method for controlling process variables of a process gas ( 1 0) passing through a 

drying chamber, and which during the passage through said drying chamber is led adjacent to 
or through a product, so that a substance is taken up by the process gas, that the substance at 
least in part is removed from the product, and transported away with the process gas out from 
the drying chamber, the process variables of the process gas flowing out from the drying 
chamber being controlled and monitored by monitoring and controlling a first group of 
process variables comprising the process gas content (x) of the substance removed from the 
product and the pressure conditions (z) inside the drying chamber are monitored and 
controlled, and in which one or more process variables forming part of a second group of 
manipulated process variables, comprising the process gas supply flow (a) and output flow 
(e), are manipulated based on a change of one controlled process variable (x; z), 
characterised in that the process gas content (x) of the substance removed from the product 
and the pressure conditions (z) inside the drying chamber are controlled independent of each 
other, and in that the supply flow (a) is compensated for a change in the output flow (e). 

2. Method according to claim 1 for confrolling the process variables of a process 
gas (10), which is essentially comprised of air, in a drying process in which the dried product 
contains water, and in which drying process water is removed from the product, taken up by 
the process air and transported out from the drying chamber with the process air, 
characterised in that the water content (x) of the process air and the pressure conditions (z) 
inside the drying chamber are controlled independent of each other, and in that the supply air 
flow (a) is compensated for a change in the output air flow (e). 

3 . Method according to claim 2 for controlling the process variables of a process 
gas (10), which is essentially comprised of air passing through a drying chamber arranged 
adjacent to a product path in which a water containing product, such as paper or mineral 
based board passes essentially continuously through the drying chamber, and in which, during 
the passage of the product and the process gas through the drying chamber, these are brought 
into contact with each other, so that water is taken up by the process air, removed from the 
product and transported out from the drying chamber with the process air, characterised in 
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that the process air water content (x) and the pressure conditions (z) inside the drying 
chamber are controlled independent of each other, and in that the supply air flow (a) is 
compensated for a change in the output air flow (e). 

4. Method according to claim 1 , 2 or 3 , characterised in that the process gas (1 0) 

content (x) of the substance removed from the product is controlled by means of a first control 
loop, said process gas content of substance removed from the product being associated with, 
and controlled by the manipulated process variable output flow (e) and in that the pressure 
conditions (z) mside the drying chamber is controlled by means of a second control loop, said 
drying chamber pressure conditions (z) being associated with, and controlled by the 
manipulated process variable supply flow (a). 

5 Method according to any of the above claims, characterised in that the process 

gas (10) content (x) of the substance removed from the product is correlated to a setting of the 
manipulated process variable output flow (e), whereby a model Gxeo(52) of the process, 
comprised in the first control loop is used, and in that the pressure conditions (z) inside the 
drying chamber is correlated to a setting of the manipulated process variable supply flow (a), 
whereby a model Gzao(42) of the process, comprised in the second control loop is used. 

6. Method according to any of the above claims, characterised in that the two 
control loops are closed, and in that the value of the manipulated process variable (a; e) of 
each of the loops are corrected for the influence of the control loop dynamics, by means of a 
loop specific correcting fimction (F,. F2)(45, 55) comprised in each of the control loops. 

7. Method according to any of the above claims, characterised in that the pressure 
conditions (z) inside the drying chamber are determined, and expressed as the zero-level of 
the drying chamber. 

8. Method according to any of the above claims, characterised in that at least one 
of the manipulated process variables process gas supply flow (a) and output flow (e) are set 
by means of a damper (56, 46), and are expressed as the relative opening of the damper. 
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9. Method according to any of the above claims, characterised in that at least one 
of the manipulated process variables process gas supply flow (a) and output flow (e) are set 
by means of a speed controlled fan (56, 46). 

1 0. Control paradigm for controlling process variables of a process gas ( 1 0) which, 
during the drying of a product flows through a drying chamber, being brought into contact 
with the product and taking up a substance which is released from the product, and 
transporting out said substance firom the drying chamber, output variables comprising process 
gas content (x) of the substance taken up from the product and the pressure conditions (z) 
inside the drying chamber, input variables comprising process gas supply flow (a) and output 
flow (e), and controllers and actuators for controlling the drying process based on a change of 
one of the controlled variables, by adjustment of one of the manipulated process variables, 
characterised in that the control paradigm comprises two independent, decoupled control 
loops, a first independent control loop being arranged for controlling the process gas content 
(x) of the substance evaporated from the product by means of the process gas output flow (e), 
and a second independent control loop being arranged for controlling the pressure conditions 
(z) inside the drying chamber by means of the process gas supply flow (a), and that the 
decoupling of the two control loops is a feed forward decoupling and provided with means for 
compensating the process gas supply flow (a) for a change in the process gas output flow (e). 

1 1 . Control paradigm according to claim 10, characterised in that both of the 
control loops are connected to a dynamic model (Gxeo; Gzao) (42, 52) of the drying process. 

12. Control paradigm according to claim 10 or 1 1, characterised in that both of the 
control loops are closed and comprise a correcting function (Fi; F2) (45, 55) specific for each 
loop, for correcting the influence of the control system on the manipulated process variable (a, 
e) of each loop. 



13. Control paradigm according to any of the claims 10 through 12, characterised 

in that both of the control loops comprise two serially connected controllers (43, 44, 53, 54), a 
first controller (43, 53) being connected, on its input side, to the output variable (x; z) and the 
dynamic process model, and on its output side connected to the input side of a second 
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controller (44, 54) which on its input side is connected to the output of the first controller and 
an external unit for receiving an external point of operation (x-ref ; z-ref.) and on its output 
side connected to the process and the dynamic process model via the loop specific correction 
function. 

1 4. Device for carrying out a process for drying a product according to any of the 

claims 1 through 9, comprising a drying chamber, actuators for controlling the process 
variables of a process gas flowing through the drying chamber, comprising an actuator (46) 
for controlling the supply flow of process gas into the drying chamber, and an actuator (56) 
for controlling the output flow of process gas fi-om the drying chamber, sensing means (41, 
51) and other measuring means for determining the controlled process variables of the process 
gas, namely the process gas content of a substance removed from the product, and the 
pressure conditions inside the drying chamber, and controllers, characterised by a control 
system comprising two independent, decoupled control loops, whereby; 

- a first control loop is arranged for controlUng the process gas content (x) of the 
substance taken up fi-om the product by means of the process gas output flow 

(e); 

- a second control loop being arranged for controlling the pressure conditions 
(z) inside the drying chamber by means of the process gas supply flow (a); and 

- the loops are independent of each other, and decoupled by means of 

at least one feed forward filter (15) for compensating the process gas supply 
flow (a) for a change in the ou^ut flow (e). 

15. Device according to claim 14, characterised in that both of said loops are 
connected to an electronic unit (42, 52) with software in the form of a dynamic model of the 
drying process. 

1 6. Device according to claim 1 4 or 1 5 , characterised in that both of said loops are 
closed and comprise a respective, loop specific filter (45, 55) with a fimction (Fi, Fz) for 
correcting the influence of the control system on the manipulated process (a, e) variable of the 
respective loop. 
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1 7. Device according to any of the claim 14 through 16, characterised in that both 

of said loops comprise two serially connected controllers (43, 44, 53, 54), a first controller 
being provided with a first input for the sensing means (41,51) determining the output 
variable (x; z) a second input for the dynamic process model (42, 52) and an output connected 
to an input of a second controller (44, 54), and a second controller (44, 54) being provided 
with a first input connected to the output of the first controller, and a second input connected 
to an external unit for receiving an external point of operation (x-ref.; z-ref.) and an output 
connected to the process (10) and the dynamic process model (42, 52) via a loop specific 
correcting filter (45, 55). 



18. Device according to any of the claims 14 through 17, characterised in that the control 
system comprises an electronic imit with the necessary software for; 

- independently controlling the process gas content (x) of the substance taken up 
firom the product and the pressure conditions (z) inside the drying chamber, by 
means of process gas (10) output flow (e) and supply flow (a), respectively, by 
means of sensing means (41, 51), controllers (43, 44, 53, 54) and actuators 

(46, 56); 

- for compensating the process gas supply flow (a) for a change in the process 
gas output flow (e) in the compensating unit (15); 

- for the dynamic process models (52, 42); and 

- for the filter fimctions (45, 55). 
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AMENDED CLAIMS 

[received by the International Bureau on 08 March 1999 (08.03.99); 
original claims 1, 2, and 3 amended; remaining claims unchanged (5 pages)] 

1 . Method for controlling process variables of a process gas (1 0) passing through a 
drying chamber, and which during the passage through said drying chamber is led adjacent to 
or through a product, so that a substance is taken up by the process gas, that the substance at 
least in part is removed from the product, and transported away with the process gas out from 
the drying chamber, the process variables of the process gas flowing out from the drying 
chamber being controlled and monitored by monitoring and controlling a first group of 
process variables comprising the process gas content (x) of the substance removed from the 
product and the pressure conditions (z) inside the drying chamber are monitored and 
controlled, and in which one or more process variables forming part of a second group of 
manipulated process variables, comprising the process gas supply flow (a) and output flow 
(e), are manipulated based on a change of one controlled process variable (x; z), 
characterised in that the process gas content (x) of the substance removed from the product 
and the pressure conditions (z) inside the drying chamber are controlled independent of each 
other, the drying gas content (x) of the substance removed from the product and being 
controlled by manipulating the process gas output flow (e), and the pressure conditions (z) 
being controlled by manipulating the process gas supply flow (a), the supply flow (a) being 
compensated for a change in the output flow (e). 

2. Method according to claim 1 for controlling the process variables of a process 
gas (10), which is essentially comprised of air, in a drying process in which the dried product 
contains water, and in which drying process water is removed from the product, taken up by 
the process air and transported out from the drying chamber with the process air, 
characterised in that the water content (x) of the process air and the pressure conditions (z) 
inside the drying chamber are controlled independent of each other, the water content (x) 
being controlled by manipulating the process gas output flow (e), and the pressure conditions 
(z) being controlled by manipulating the process gas supply flow (a), the supply flow (a) 
being compensated for a change in the output flow (e). 

3. Method according to claim 2 for controlling the process variables of a process 
gas (10), which is essentially comprised of air passing through a drying chamber arranged 
adjacent to a product path in which a water containing product, such as paper or mineral based 
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board passes essentially confmuously through the drying chamber, and in which, during the 
passage of the product and the process gas through the drying chamber, these are brought into 
contact with each other, so that water is taken up by the process air, removed from the product 
and transported out from the drying chamber with the process air, characterised in that the 
water content (x) of the process air and the pressure conditions (z) inside the drying chamber 
are controlled independent of each other, the water content (x) being controlled by 
manipulating the process gas output flow (e), and the pressure conditions (z) being controlled 
by manipulating the process gas supply flow (a), the supply flow (a) being compensated for a 
change in the output flow (e). 

4. Method according to claim 1, 2 or 3, characterised in that the process gas (10) 
content (x) of the substance removed from the product is controlled by means of a first control 
loop, said process gas content of substance removed from the product being associated with, 
and controlled by the manipulated process variable output flow (e) and in that the pressure 
conditions (z) inside the drying chamber is controlled by means of a second control loop, said 
drying chamber pressure conditions (z) being associated with, and controlled by the 
manipulated process variable supply flow (a). 

5. Method according to any of the above claims, characterised in that the process 
gas (10) content (x) of the substance removed from the product is correlated to a setting of the 
manipulated process variable output flow (e), whereby a model Gxeo(52) of the process, 
comprised in the first control loop is used, and in that the pressure conditions (z) inside the 
drying chamber is correlated to a setting of the manipulated process variable supply flow (a), 
whereby a model G2ao(42) of the process, comprised in the second control loop is used. 

6. Method according to any of the above claims, characterised in that the two 
control loops are closed, and in that the value of the manipulated process variable (a; e) of 
each of the loops are corrected for the influence of the control loop dynamics, by means of a 
loop specific correcting function (Fj, F2)(45, 55) comprised in each of the control loops. 

7. Method according to any of the above claims, characterised in that the pressure 
conditions (z) inside the drying chamber are determined, and expressed as the zero-level of 
the drying chamber. 
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of the manipulated process variables process gas supply flow (a) and output flow (e) are set 
by means of a damper (56, 46), and are expressed as the relative opening of the damper. 



of the manipulated process variables process gas supply flow (a) and output flow (e) are set 
by means of a speed controlled fan (56, 46). 



during the drying of a product flows through a drying chamber, being brought into contact 
with the product and taking up a substance which is released from the product, and 
transporting out said substance from the drying chamber, output variables comprising process 
gas content (x) of the substance taken up from the product and the pressure conditions (z) 
inside the drying chamber, input variables comprising process gas supply flow (a) and output 
flow (e), and controllers and actuators for controlling the drying process based on a change of 
one of the controlled variables, by adjustment of one of the manipulated process variables, 
characterised in that the control paradigm comprises two independent, decoupled control 
loops, a flrst independent control loop being arranged for controlling the process gas content 
(x) of the substance evaporated from the product by means of the process gas output flow (e), 
and a second independent control loop being arranged for controlling the pressure conditions 
(z) inside the drying chamber by means of the process gas supply flow (a), and that the 
decoupling of the two control loops is a feed forward decoupling and provided with means for 
compensating the process gas supply flow (a) for a change in the process gas output flow (e). 

1 1 . Control paradigm according to claim 1 0, characterised in that both of the 
control loops are connected to a dynamic model (Gxco; Gzao) (42, 52) of the drying process. 

12. Control paradigm according to claim 10 or 1 1, characterised in that both of the 
control loops are closed and comprise a correcting function (Fi; F2) (45, 55) specific for each 
loop, for correcting the influence of the control system on the manipulated process variable (a, 
e) of each loop. 

13. Control paradigm according to any of the claims 10 through 12, characterised 
in that both of the control loops comprise two serially connected controllers (43, 44, 53, 54), a 



9. 



Method according to any of the above claims, characterised in that at least one 



10. 



Control paradigm for controlling process variables of a process gas (10) which. 
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first controller (43» S3) being connected, on its input side, to the output variable (x; z) and the 
dynamic process model, and on its output side connected to the input side of a second 
controller (44, 54) which on its input side is connected to the output of the first controller and 
an external unit for receiving an external point of operation (x-ref.; z-ref.) and on its output 
side connected to the process and the dynamic process model via the loop specific correction 
fiinction. 

14. Device for carrying out a process for drying a product according to any of the 
claims 1 through 9, comprising a drying chamber, actuators for controlling the process 
variables of a process gas flowing through the drying chamber, comprising an actuator (46) 
for controlling the supply flow of process gas into the drying chamber, and an actuator (56) 
for controlling the output flow of process gas fi-om the drying chamber, sensing means (41, 
51) and other measuring means for determining the controlled process variables of the process 
gas, namely the process gas content of a substance removed fi"om the product, and the 
pressure conditions inside the drying chamber, and controllers, characterised by a control 
system comprising two independent, decoupled control loops, whereby; 

- a first control loop is arranged for controlling the process gas content (x) of the 
substance taken up fit>m the product by means of the process gas output flow 
(e); 

- a second control loop being arranged for controlling the pressure conditions 
(z) inside the drying chamber by means of fee process gas supply flow (a); and 

- the loops are independent of each other, and decoupled by means of 

at least one feed forward filter (15) for compensating the process gas supply 
flow (a) for a change in the output flow (e). 

15. Device according to claim 14, characterised in that both of said loops are 
connected to an electronic unit (42, 52) with software in the form of a dynamic model of the 
drying process. 

16. Device according to claim 14 or 15, characterised in that both of said loops are 
closed and comprise a respective, loop specific filter (45, 55) with a fiinction (Fi, F2) for 
correcting the influence of the control system on the manipulated process (a, e) variable of the 
respective loop. 
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1 7. Device according to any of the claim 14 througnl6, characterised in that both 
of said loops comprise two serially connected controllers (43, 44, 53, 54), a first controller 
being provided with a first input for the sensing means (41, 51) determining the output 
variable (x; z) a second input for the dynamic process model (42, 52) and an output connected 
to an input of a second controller (44, 54), and a second controller (44, 54) being provided 
with a first input connected to the output of the first controller, and a second input connected 
to an external unit for receiving an external point of operation (x-ref.; z-ref.) and an output 
connected to the process (10) and the dynamic process model (42, 52) via a loop specific 
correcting filter (45, 55). 

18. Device according to any of the claims 14 through 17, characterised in that the control 
system comprises an electronic unit with the necessary software for; 

- independently controlling the process gas content (x) of the substance taken up 
fi-om the product and the pressure conditions (z) inside the drying chamber, by 
means of process gas (10) output flow (e) and supply flow (a), respectively, by 
means of sensing means (41, 51), controllers (43, 44, 53, 54) and actuators 
(46, 56); 

- for compensating the process gas supply flow (a) for a change in the process 
gas output flow (e) in the compensating unit (15); 

- for the dynamic process models (52, 42); and 

- for the filter fimctions (45, 55). 
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